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@ Process for producing a hydrogen-containing gas. 


@ A process for producing a hydrogen-containing 
gas comprising the following steps: 

(i) endothermically cracking a hydrocarbon-con- 
taining gas substantially in the absence of steam, 
into carbon and hydrogen-containing gas by con- 
tacting said material with a heated mass of non- 
fluidized solids and allowing carbon to deposit on 
the solids; 

(ii) exothermically reacting the carbon formed in 
step (i) with an oxygen-containing gas, and al- 
ternately repeating steps (i) and (ii). 

The exothermic reaction of step (ii) is a partial 
oxidation of the said carbon. 
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The invention relates to a process for produc- 
ing a hydrogen-containing gas. In particular, the 
present invention relates to the production of 
hydrogen-containing gases from hydrocarbon-con- 
taining gases such as natural gas, associated gas 
(i.e. gas which is produced together with oil in 
production fields) and (waste) hydrocarbon gases 
from e.g. a Fischer-Tropsch synthesis, etc. 

Many processes are known for the conversion 
of hydrocarbonaceous material into hydrogen-con- 
taining gaseous products such as synthesis gas 
(which comprises in addition to hydrogen a sub- 
stantial amount of carbon monoxide and usually 
smalt amounts of carbon dioxide, steam and/or 
unconverted hydrocarbons). Accordingly, substan- 
tially pure hydrogen gas will only be obtained after 
subjecting product gases to, sometimes extensive, 
further treatments such as CO-shifting, absorption, 
refrigeration, membrane separation and/or contact- 
ing with molecular sieves. 

It is further known that the above-mentioned 
gas treatments can be avoided by applying a pro- 
cess in which hydrocarbons are converted ther- 
mally or catalytically into carbon and substantially 
pure hydrogen in a first reaction zone comprising a 
ftuidized bed of hot solid particles and wherein the 
particles with carbon deposited thereon are trans- 
ported to a second reaction zone in which a fluidiz- 
ed bed is maintained wherein said carbon is con- 
verted with steam into synthesis gas; the particles 
from the first and/or the second reaction zone are 
subsequently transported to a heating zone where 
the particles are contacted m a fluidized state with 
the combustion products of fuel gas and/or at least 
part of the hydrogen or the carbon monoxide ob- 
tained in said process and combusted with an 
oxygen-containing gas. 

However, in such processes the use of fluidiz- 
ed beds usually leads to entrainment of solid par- 
ticles from these beds by product gases leaving 
the fluidized beds; consequently a ftuidized bed 
has to be accompanied by solids/gas separation 
means (e.g. cyclones). Moreover, the repeated 
transportation of substantial amounts of hot solid 
particles from one reaction zone to another and the 
continuous fluidization of said particles in the reac- 
tion zones will lead to the formation of fine par- 
ticulate material which has a negative influence on 
the solids/gas separation efficiency and may fur- 
thermore pose environmental problems. 

It is also known that hydrogen-containing gas 
can be produced, without either gas separation 
treatment(s) or solids/gas separation being re- 
quired, by carrying out a process in which a heated 
mass of non-fluidized solids is used to provide heat 
required for carrying out separate endothermic 
cracking and steam gasification steps. 


It has now been found that hydrogen and car- 
bon monoxide can be produced separately at high 
thermal efficiencies with any desired H2/CO ratio. 

The invention therefore provides a process for 
5 producing a hydrogen-containing gas from 
hydrocarbon-containing gases, which comprises 
the following steps: 

(i) endothermically cracking a hydrocarbon-con- 
taining gas substantially in the absence of 

70 steam, into carbon and hydrogen-containing gas 
by contacting said material with a heated mass 
of non-fluidized solids and allowing carbon to 
deposit on the solids; 

(ii) exothermically reacting the carbon formed in 
75 step (i) with an oxygen-containing gas, and al- 
ternately repeating steps (i) and (ii). 

characterized in that step (ii) is a partial oxidation 
(oxygen gasification) of the said carbon, said step 
comprising leading essentially pure oxygen over 

20 the bed of solids. 

Essentially pure oxygen is defined as an 
oxygen-containing gas having an oxygen content of 
more than 85 voi.% 

In this description a partial oxidation process of 

25 carbon is defined as a process producing at most 
25 vol.% of CO2 in the end product. 

It is already proposed in the manufacture of 
hydrogen by thermal decomposition of hydrocar- 
bons using a heated mass of non-fluidized solids, 

30 to burn the separated carbon which is deposited on 
a heated mass of non-fluidized solids such as 
brickwork and utilize the heat thereby obtained in 
the thermal decomposition of the hydrocarbons 
next treated. 

35 However, in this known process the heating is 

carried out by air combustion (complete combus- 
tion) of a gas or of carbon produced by methane 
cracking and in such a manner a CO-containing 
syngas can not easily be produced. 
40 Hydrogen-containing gas is defined for the 

present purpose as substantially pure hydrogen or 
synthesis gas wherein the hydrogen/carbon monox- 
ide molar ratio may vary. 

The process according to the invention is suit- 
es ably carried out in one or more fixed - or moving - 
beds comprising a heated mass of solids. Fixed 
beds could be applied which may contain heat- 
resistant solid material in any desired shape and 
size, such as a fixed brick matrix or a packed bed 
50 of particulate solids. Particulate solids such as 
packed spheres or cylinders with main dimensions 
(e.g. diameter, height of the cylinder) of 1-50 mm, 
and in particular 2-50 mm, are suitably used in the 
present process. 
55 Various solid materials may be used in the 

process according to the present invention pro- 
vided that the material is sufficiently heat resistant 
and can withstand large temperature variations 
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bed has dropped to 1000-1250 'C, Subsequently 
the bed is heated by exothermic partial combustion 
by leading over the bed essentially pure oxygen o1 
200-400 'C and alternately the steps of contacting 
natural gas with the bed of beads and heating the 
bed by oxygen gasification are repeated. Nett 2000 
kmoles of hydrogen are thus produced. The purity 
of the hydrogen is above 95 %vol and no further 
treating is required. The reducing gas produced in 
the partial combustion cycle essentially consists of 
a mixture of 84 %vol CO and 16 %vol CO2. 

The gases can be used for the preparation of 
synthesis gases of virtually all ratios of CO and H2 
by blending the gases from the partial combustion 
stage which are rich in CO with the hydrogen from 
the cracking stage. 

An advantage of the process of the invention is 
that a reducing gas is produced during both steps: 
the endothermic cracking of methane and the ex- 
othermic oxygen gasification (partial combustion) of 
the carbon which is deposited on the checker or 
bead shaped heat carrier. 

Various modifications of the present invention 
will become apparent to those skilled in the art 
from the foregoing description. Such modifications 
are intended to fall within the scope of the appen- 
ded claims. 

Claims 

1. A process for producing a hydrogen-containing 
gas from hydrocarbon-containing gases, which 
comprises the following steps: 

(i) endothermically cracking a hydrocarbon- 
containing gas substantially in the absence 
of steam, into carbon and hydrogen-contain- 
ing gas by contacting said material with a 
heated mass of non-fluidized solids and al- 
lowing carbon to deposit on the solids; 

(ii) exothermically reacting the carbon 
formed in step (i) with an oxygen-containing 
gas, and alternately repeating steps (i) and 
(ii). 

characterized in that step (ii) is a partial oxida- 
tion (oxygen gasification) of the said carbon, 
said step comprising leading essentially pure 
oxygen over the bed of solids. 


which occur during start-up and shut-down of the 
process. Suitable solids comprise refractory oxides, 
silicium carbide, carbonaceous materials (e.g. pet- 
rol cokes) and mixtures thereof. Metal alloys or 
metal compounds may also be suitably used; these 5 
materials have the advantage of possessing a rela- 
tively high thermal conductivity and volumetric heat 
capacity compared with the previously mentioned 
materials. In some cases it may be advantageous 
to use solids which, as such or in the form of 10 
additional compounds, possess catalytic activity for 
at least one of the process steps. However, in most 
cases substantially non-catalytic solids will be most 
suited for use in the process according to the 
invention because the deposition of carbon on the 15 
surface of the solids will usually lead to a substan- 
tial decrease in catalytic activity, if present in fresh 
solids. Advantageously, the bed of solids com- 
prises alumina beads. 

Both step (i) (cracking) and step (ii) (oxygen 20 
gasification or partial oxidation) are suitably carried 
out at a substantially equal pressure from 0.5-50 
bar abs. and preferably from 5-20 bar abs. 

Preheating of the solids applied in the process 
according to the invention to any temperature suit- 25 
able for the purpose may be carried out in various 
ways. Advantageously, the solids are preheated to 
a temperature of 1400-1650 'C before being con- 
tacted with the hydrocarbon-containing gas of step 
(i). Suitably the solids are heated by combustion 30 
under pressure of a fuel gas with an oxygen- 
containing gas and contacting the combustion gas 
with the solids, whereafter the combustion gas is 
cooled e.g. by preheating the hydrocarbon-contain- 
ing gas and/or oxygen 35 

Various gaseous hydrocarbonaceous materials 
can be used as feed for step (i) of the process 
according to the invention. In particular natural gas, 
methane, associated gas, LPG and evaporated 
naphtha are used. In some cases natural gas is 40 
preferably subjected to a treatment to remove sul- 
phur and/or inorganic substances before using it as 
feed for the present process. 

The invention also relates to hydrogen- or CO- 
containing gas obtained by a process as described 45 
hereinbefore. 

The invention will now be described by way of 
example in more detail by reference to the follow- 
ing Example. 


Example 

Thousand kmoles of natural gas essentially 
consisting of methane is preheated to 200-600 'C 
and are contacted with a fixed or fluidized or mov- 
ing bed of 3 mm alumina beads having a tempera- 
ture of 1400-1650 'C. The reaction; CH* --> C 
2H2 proceeds until the average temperature in the 


2. The process as claimed in claim 1 characler- 
50 ized in that steps (i) and (ii) are carried out in a 

fixed or moving or fluidized bed comprising 
said solids. 

3. The process as claimed in claims 1 or 2 char- 
55 acterized in that solids are heated to a tem- 
perature of 1400-1650 'C, before being con- 
tacted with the hydrocarbon-containing gas in 
step (i). 
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4. The process as claimed in any one of clainns 
1-3 characterized in that solids comprising a 
refractory oxide, siliciurri carbide and/or car- 
bonaceous materia! are applied in steps (i) and 
(ii). 

5. The process as claimed in any one of claims 
1-3 characterized in that the solids consist of 
alumina beads. 

6. The process as claimed in any one of claims 
1-5 characterized in that the hydrocarbon-con- 
taining gas of step (i) is preheated to 200-600 
•C. 

7. The process as claimed in any one of claims 
1-6 characterized in that the endothermic reac- 
tion proceeds until the average temperature in 
the bed of solids has dropped to 1000-1250 
•C. 

8. The process as claimed in any one of claims 
1-7 characterized in that the hydrocarbon-con- 
taining gas of step (i) is natural gas. 

25 

9. Hydrogen-containing gas whenever obtained 
by the process as claimed in any one of 
claims 1-8. 

10. CO-containing gas whenever obtained by the 30 
process as claimed in any one of claims 1-8. 
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